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Abstract: Staphylococcus aureus is a common pathogen of hematogenous lung abscesses. The increased resistance of S. aureus to
antibiotics makes infections difficult to treat, often resulting in a poor prognosis. Therefore, it is important to identify S. aureus
infections as early as possible and evaluate its sensitivity and resistance to antibiotics, to formulate an appropriate treatment plan.
Oxazolidinone antibiotics exhibit potent antibacterial activity against multidrug-resistant (MDR) S. aureus; however, the adverse
effects of linezolid, particularly thrombocytopenia, limit its application. Contezolid may ameliorate the hematologic toxicity associated
with linezolid. Here, we report the case of a patient with congenital cerebral hypoplasia who was hospitalized due to fever and multiple
abscesses in both lungs. In the context of negative blood culture results, the final diagnosis of MDR S. aureus as the causative agent of
hematogenous lung abscess was confirmed using macrogenomic next-generation sequencing (mNGS) and targeted next-generation
sequencing (tNGS). The patient was treated with linezolid but developed significant thrombocytopenia, so switching to sequential
therapy with contezolid, the patient’s platelet counts returned to normal and his condition improved significantly.

Keywords: hematogenous lung abscess, Staphylococcus aureus, linezolid, contezolid, next-generation sequencing, congenital cerebral

hypoplasia

Introduction

Hematogenous lung abscesses are primarily caused by pathogens from extrapulmonary sources that spread to the lungs through
the bloodstream, leading to small vessel embolism, inflammation, and necrosis, which ultimately result in the formation of lung
abscesses. These abscesses often present as multiple lesions in the peripheral regions of both lungs. Common causative pathogens
include Staphylococcus aureus, S. epidermidis, and Streptococcus. Diagnosis primarily relies on blood cultures to detect
pathogenic bacteria, in conjunction with clinical symptoms and characteristic imaging findings. However, the sensitivity and
positive detection rate of conventional blood cultures are not ideal. In this case, we utilized metagenomic next-generation
sequencing (mNGS) and targeted next-generation sequencing (tNGS) to identify the pathogenic bacteria causing hematogenous
lung abscesses in the patient as multidrug-resistant (MDR) S. aureus, which was sensitive to vancomycin. Consequently,
vancomycin was administered via intravenous drip for anti-infective therapy during hospitalization, and the patient was switched
to oral linezolid after discharge. Not unexpectedly, the patient developed thrombocytopenia after half a month, prompting the
discontinuation of linezolid and the use of oral contezolid as an alternative treatment. Subsequently, the patient’s platelet count
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returned to normal levels, and his symptoms improved. Multiple studies have reported that contezolid can be an appropriate
alternative for patients who are intolerant to linezolid.'

Case Presentation

A 45-year-old male was admitted to the First Affiliated Hospital of Dalian Medical University with the chief complaint of
fever, cough, and productive sputum, followed by respiratory distress and shortness of breath for 10 days. He had
previously received treatments aimed at alleviating his symptoms, such as anti-infective therapy, cough relief, and
sputum reduction at a different hospital. However, his symptoms did not show significant improvement, leading to his
admission to our hospital through the emergency department on March 2, 2024. Chest computed tomography (CT)
(Figure 1A) revealed multiple nodules and patchy areas of increased density in both lungs, with gas density shadows
observed within the larger nodules, suggesting the possibility of an Aspergillus infection, as well as pleural effusion on
both sides. For further diagnosis and treatment, he was admitted to the Department of Respiratory and Critical Care
Medicine. The patient had congenital cerebral hypoplasia for over 40 years and was recently diagnosed with type 2
diabetes. Physical examination upon admission revealed a body temperature of 37.9°C, a heart rate of 120 beats/min,
a respiratory rate of 20 times/min, and blood pressure of 134/77 mmHg. The patient appeared generally unwell, with
lethargy, thick breathing sounds in both lungs, and audible dry and moist rales. His heart rate was regular, with no
abnormal sounds detected during the auscultation of the heart valves. The abdomen was flat and soft, with no tenderness,
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Figure | (A) Chest CTon March 2, 2024, showed multiple nodules and patchy areas of increased density in both lungs, with gas density shadows observed inside the larger
nodules, indicating the possibility of an Aspersgillus infection, as well as pleural effusion on both sides. (B) Chest CTon March 12, 2024, showed that the multiple nodules and
patchy areas of increased density in both lungs were similar in severity to those observed on March 2, 2024, with gas density shadows seen inside the larger nodules,
although their size had reduced compared to the previous scan. (C) Chest CTon April 7, 2024, indicated that the multiple nodules and patchy areas of increased density in
both lungs, with gas density shadows seen inside the larger nodules and pleural effusion on both sides, had significantly reduced in size compared to the findings on March 12,
2024. (D) Chest CT performed at another hospital on April 21, 2024, showed that the inflammatory lesions in the patient’s lungs had significantly absorbed and improved.
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rebound pain, or muscle rigidity. Scattered bleeding spots were noted on both lower limbs, and the dorsum of the right
foot exhibited an ulcer (Figure 2).

Results of relevant auxiliary tests after admission were as follows: C-reactive protein (CRP): 63.31 mg/L (normal
range < 0.8 mg/L); blood routine examination: white blood cell (WBC) count 12.97x10°/L (normal range 3.5-9.5x10°/
L), red blood cell (RBC) count 3.33x10'%/L (normal range 4.3—-5.8x10'%/L), hemoglobin (HB) 92.00 g/L (normal range
130-175 g/L), platelet (PLT) count 198x10°/L (normal range 125-350x10°/L), neutrophil percentage 87.40% (normal
range 40-75%); procalcitonin (PCT): 0.52 ng/mL (normal range < 0.5 ng/mL); erythrocyte sedimentation rate (ESR):
69.00 mm/h (normal range < 20 mm/h); interleukin-6 (IL-6): 47.10 pg/mL (normal range < 5.3 pg/mL); ferritin:
1247.00 pg/L (normal range 30 ug/L—400 ng/L); and arterial blood gas analysis: pH 7.521 (normal range 7.35-7.45),
partial pressure of carbon dioxide 28.7 mmHg (normal range 35-45 mmHg), partial pressure of oxygen 100 mmHg
(normal range 80-100 mmHg), and sulfur dioxide 97.6%. Nucleic acid detection for respiratory pathogens showed
positive results for influenza B virus, whereas tests for novel coronavirus nucleic acid, Cryptococcus neoformans
capsular polysaccharide antigen, galactomannan, tumor markers, tubercle bacillus polymerase chain reaction (TB-
PCR), blood culture, and sputum smear were negative. Cardiac ultrasound and abdominal ultrasound showed no
significant abnormalities.

The patient was temporarily treated with an intravenous drip of levofloxacin hydrochloride and sodium chloride
injection (500 mg qd), oral baloxavir marboxil (40 mg) as antiviral therapy, and an intravenous drip of voriconazole (0.2
g q12h) as antifungal therapy. After 5 days, the patient’s fever persisted, accompanied by shivering, and blood culture
results remained negative, so antibiotic treatment was subsequently upgraded to an intravenous drip of vancomycin
(1000 mg q12h) combined with voriconazole. The patient continued to experience intermittent fever, and a chest CT
performed on March 12, 2024 (Figure 1B), yielded results similar to those previously observed. On March 13,
bronchoalveolar lavage fluid (BALF) collected by bronchoscopy was subjected to mNGS testing, according to
a previous study.” Ultimately, the mNGS result indicated that the sequence number of S. aureus was 411817, with
coverage of S. aureus detected in the BALF sample as shown in Figure 3. The drug-resistant genes identified via mNGS
are presented in Table 1. The mNGS results were subsequently confirmed by tNGS testing using the same BALF sample.
Based on the patient’s clinical presentation of high fever with shivering, abnormal laboratory results, a recent diagnosis
of diabetes with ulcerated skin, and characteristic imaging findings of multiple abscesses in both lungs, a diagnosis of
hematogenous lung abscesses caused by multidrug-resistant S. aureus was made. Based on drug-resistant phenotype
testing by mNGS, we continued treating the patient with vancomycin as anti-infective therapy, and an intravenous drip of
methylprednisolone sodium succinate (40 mg qd) was administered for 3 days to inhibit the inflammatory response. The
patient’s temperature returned to normal, his symptoms improved significantly, and he was discharged on March 18,
2024. The patient was prescribed 600 mg of oral linezolid every 12 hours after discharge and instructed to undergo

Figure 2 The patient’s dorsalis skin of the right foot was ulcerated.
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Figure 3 Coverage of Staphylococcus aureus detected by mNGS in BALF sample.

weekly testing for routine blood parameters. Following more than half a month of treatment with oral linezolid, the
patient’s clinical symptoms improved. Furthermore, a chest CT performed on April 7, 2024 (Figure 1C) showed that the
previously observed multiple nodules and patchy areas of increased density in both lungs, along with gas density
shadows and pleural effusion, had significantly reduced relative to those seen on March 12, 2024. However, routine blood
results indicated a significant decrease in platelets (from 198x10°/L to 99x10%/L). Consequently, linezolid was discon-
tinued, and 800 mg of oral contezolid was administered every 12 hours as an alternative treatment. After 14 days, the
patient’s clinical condition and imaging findings (Figure 1D) improved, and platelet counts returned to normal (176x10°/
L). Figure 4 summarizes the timeline of the patient’s diagnosis, treatment, and follow-up.

Discussion

Hematogenous lung abscesses typically present with systemic symptoms of sepsis, such as chills and hyperpyrexia, due
to primary lesions. Lung symptoms such as cough and expectoration usually appear after a few days to 2 weeks, whereas
pulmonary signs are often negative. Imaging examinations often show multiple scattered small patchy foci of inflamma-
tion or well-defined spherical lesions at the edges of one or both lungs, with visible pus cavities and fluid levels inside.
The pathogenic bacteria commonly implicated are S. aureus, S. epidermidis, and Streptococcus. For initial empiric
antibiotic therapy, B-lactamase—resistant penicillin or cephalosporin can be selected. For methicillin-resistant S. aureus
(MRSA), vancomycin or linezolid are preferred. Given the high risk of relapse with short-term treatment, the antibiotic
course for lung abscesses is generally around 4—-6 weeks and should continue until chest imaging shows resolution of the
abscess or stable small lesions.® Treatment should be adjusted based on the clinical and radiographic response of the
patient.” Although the patient’s condition improved after the use of linezolid, severe thrombocytopenia occurred,
prompting a switch to contezolid, and until. By April 21, 2024, the medication was discontinued based on the patient’s
follow-up results. The most common cause of lung abscesses is aspiration of oral secretions by patients with reduced

Table | List of Drug-Resistant Genes Detected by mNGS

Drug-Resistant Gene | Suspected Sequence Number | Related Drugs
Corresponding Species

mecA® Staphylococcus aureus 411817 Monobactam; Carbapenem; Cephalosporin; Cephamycin; Penam;

Notes: a: The mecA gene can express large amounts of penicillin-binding protein 2a (PBP2a), which has a low affinity for p-lactam antibiotics and can substitute for normal
penicillin-binding proteins in cell wall synthesis, leading to resistance.
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Figure 4 Timeline of the patient’s diagnosis, treatment, and follow-up.

consciousness;® however, the patient did not have a history of aspiration. In the case of negative blood cultures, mNGS
and tNGS were utilized to detect pathogenic microorganisms. The patient presented with high fever and shivering,
abnormal laboratory results, recently diagnosed diabetes with ulcerated skin, and characteristic imaging findings of
multiple abscesses in both lungs. This led to the diagnosis of hematogenous lung abscesses caused by multidrug-resistant
S. aureus, an opportunistic pathogen and one of the leading causes of life-threatening bloodstream infections that
colonizes the human anterior nares, skin, and throat under normal physiological conditions.” S. aureus is implicated in
various clinical syndromes, ranging from acute sepsis to more persistent chronic infections of the endocardium, lungs,
marrow, skin, and soft tissues.'® The main risk factors for the development of S. aureus sepsis include age, additional
comorbidities (such as heart diseases, diabetes, renal disease, and HIV infection), the presence of indwelling medical
devices, intravenous drug use, and low socioeconomic status.'! The influenza virus has been identified as a potential
predisposing factor for staphylococcal community-acquired pneumonia.'? Additionally, diabetes can increase the risk of
S. aureus infection."® In this case, the infection with S. aureus may have been associated with the recently diagnosed
diabetes with ulcerated skin and influenza B virus infection. A study found that in the diabetic lung, normal lung
architecture is disrupted, and upregulated expression of TNF-a and IL-6 exerts a pro-inflammatory effect on the lungs,
leading to increased apoptosis of lung tissue,'* which may promote the development of lung abscesses. Another possible
cause of the lung abscess is aspiration of oral secretions by patients with cerebral hypoplasia. The increasing tolerance of
S. aureus to antibiotics makes infections difficult to treat, and morbidity and mortality remain high.'> Therefore, early
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and rapid diagnosis of pathogenic microorganisms and drug sensitivity tests for infected patients are crucial for guiding
clinicians in adjusting antibiotic treatment, which is essential for improving patient outcomes.

Conventional culture-based detection remains the “gold standard” for identifying respiratory pathogens; for instance,
blood cultures in patients with hematogenous lung abscesses can reveal pathogenic bacteria, but the sensitivity of blood
cultures is suboptimal. Just over one-third of patients with sepsis have positive blood cultures, and it usually takes 3—7
days or longer to identify the potential pathogen.'® Recently, molecular biology detection techniques have gained favor
due to their shorter turnaround time and greater sensitivity. Respiratory infections can be diagnosed accurately and early
during hospitalization using mNGS and tNGS. mNGS is a microbial identification technique based on high-throughput
nucleic acid detection, involving reverse transcription and amplification of pathogenic microbial genomic nucleic acid
extracted from clinical samples, followed by comparative analysis using databases. mNGS can detect all pathogens in
samples without bias, identify new or rare pathogens,'” and reveal virulence and drug-resistant genes of pathogenic
bacteria while being less affected by antimicrobial exposure. However, this technique requires large amounts of
sequencing data and analysis, involves high detection costs, and can be influenced by the presence of environmental
microorganisms and engineered bacteria.'® tNGS, on the other hand, is a targeted enrichment sequencing technology that
combines multiple PCR amplifications with sequencing and has a clear range of target pathogens,'® enabling the
detection of low-abundance pathogens with high sensitivity, reducing analysis workload and interference from host
genes, shortening measurement time, improving detection efficiency, and lowering costs. However, tNGS can only detect
pre-designed pathogens and cannot identify novel or rare pathogens or perform whole-genome analysis.'” Based on this
case, next-generation sequencing can help clinicians rapidly identify the pathogenic bacteria and drug-resistant genes,
guiding the anti-infective treatment plan. In cases of unknown origin or severe infections, it is recommended to promptly
and appropriately apply next-generation sequencing.

Oxazolidinones are a class of synthetic antibiotics characterized by a basic 2-oxazolidinone nucleus, which binds to
the 50S ribosomal subunit to inhibit bacterial protein biosynthesis.' Oxazolidinones are used to treat infections caused by
a wide range of multidrug-resistant gram-positive bacteria. Currently, only two oxazolidinone antibiotics are clinically
approved: linezolid, which was approved by the US Food and Drug Administration in 2000, and contezolid, which was
approved by the China National Medical Products Administration in 2021. The clinical use of linezolid is associated with
thrombocytopenia as a common but serious adverse effect, with underlying mechanisms including myelosuppression,
immune-mediated platelet destruction®® and abnormal cellular pathway regulation of megakaryocytes, which side effects
limit the clinical use of linezolid.*'** Wang et al* reported that patients receiving long-term (>3 months) treatment with
linezolid often develop intolerable adverse effects, such as peripheral neuropathy, anemia, and pancytopenia due to
myelosuppression. Contezolid, as a novel oxazolidinone antibiotic, comprises a 2.3-dihydropyridin-4-one (DHPO) ring
in its scaffold, enhancing its antibacterial efficacy while significantly reducing myelosuppression and monoamine oxidase
(MAO) inhibition.”* Contezolid has demonstrated strong antibacterial activity against drug-resistant gram-positive
pathogens,”® including, but not limited to, methicillin-resistant S. aureus, S. pyogenes, S. agalactiae, and
Enterococcus. Its common adverse effects are gastrointestinal diseases.”> Multiple studies have reported' ™ that con-
tezolid can ameliorate the decrease in platelet levels caused by linezolid. Wang K et al reported that a 44-year-old woman
with high blood pressure and diabetes was diagnosed with community-acquired pneumonia caused by Staphylococcus
aureus and received anti-infective therapy including meropenem, linezolid, teicoplanin and tazocin, but the platelets
(PLT) of patient decreased to 54x10°/L, finally, contezolid obtained excellent result, with platelet recovery to normal
levels and significant improvement in pulmonary imaging.”® Consistent with these findings, we demonstrated that
contezolid is a suitable alternative for patients who are intolerant to linezolid. In animal experiments, contezolid has
shown antibacterial activity comparable to or slightly superior to that of linezolid.*” Furthermore, contezolid has a lower
tendency for spontaneous drug resistance®® and a low potential to trigger drug resistance in S. aureus.?® Therefore,
contezolid holds good prospects for clinical application in treating gram-positive bacteria. In clinical practice, due to the
high cost of contezolid, clinicians must select drugs based on the patient’s prognosis, medication safety considerations,
and economic status while closely monitoring relevant indicators.
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Conclusion

Currently, there are no published reports on the potential correlation between congenital cerebral hypoplasia and the
occurrence of hematogenous lung abscesses. This is the first case report of a patient with congenital cerebral hypoplasia
diagnosed with hematogenous lung abscesses. In this article, by using mNGS and tNGS to detect pathogenic micro-
organisms, we have achieved early and rapid diagnosis, accurately adjusted antibiotic treatment regimens and improved
the patients’ prognosis. This case also demonstrated that contezolid exhibited good tolerance and effective antibacterial
activity and ameliorated the symptoms of linezolid-induced thrombocytopenia. However, large-scale randomised con-
trolled trials still need to be conducted to validate the efficacy and safety of contezolid in the treatment of MDR
S. aureus-associated lung infections. We also hope this case report provides valuable insights for the diagnosis and
treatment of infection-related conditions.
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